INTRODUCTION
Healthcare organisations often analyse variations in physician practice patterns for monitoring the quality and efficiency of primary care health services. In this way, it is assessed whether the use of healthcare resources by health professionals is what would be expected as a function of the morbidity in the population served. This information is very important: it allows physicians themselves to reflect on their own way of working and managers to identify health professionals with markedly different patterns of resource use from those of their colleagues.
It is widely agreed that some prescriptions, referrals to specialised care, requests for ancillary tests and primary care visits are not justified, 1 and hence it could be argued that the rates of all of these should be reduced. However, analysing each indicator separately makes it difficult to reach conclusions: we should not assert that a general practitioner's Strengths and limitations of this study ▪ The main strength of this study is that we analysed data for an entire healthcare system, providing near universal care for the population of a defined geographical area. ▪ It assesses the relationship between preventable diseases and variables at different levels, ranked in accordance with the hierarchical nature of the data, as well as compares the risk of admission of patients seen by doctors with different clinical practice patterns. ▪ We used a robust system for adjusting for patient morbidity (the Johns Hopkins Adjusted Clinical Group case-mix system). ▪ The observational design of the study prevented us from ascribing causality to the associations observed. ▪ There are factors unrelated to primary care itself (such as variation in outpatient specialised care quality or hospital admission criteria) that could have an effect on hospital admissions. Also, characteristics other than the ones studied have an effect on the need for healthcare and its outcomes.
(GP's) use of resources is excessive (or insufficient) without assessing their patient's outcomes. For example, situations of apparent efficiency may in reality be a failure to provide the necessary care to certain groups of patients resulting from lack of accessibility or poor clinical practice. In fact, numerous studies have indicated that a lower use of primary care resources is associated with adverse effects on the health of the population, 2 3 and certain attempts in the USA to reduce the number of ambulatory visits, 4 through the introduction of copayments, may have a negative impact in terms of people's health. The effects of decreasing spending on prescriptions are also not fully known and a lack of association between quality and costs of prescribing has been reported. 5 Although in some cases (such as the excessive use of antibiotics) the need for cutting back is unquestionable, 6 7 in other cases, such a reduction may have unintended consequences. In relation to this, some authors have observed an inverse correlation between the number of prescriptions and hospitalisation costs, 8 and that the use of disincentives for prescribing such as a copayment may lead to discontinuation of treatments by chronic patients and worsening of the health of vulnerable populations. 9 As a result, to assess physicians in a fair manner and promote changes in clinical practice patterns with the goal of improving healthcare efficiency, we must take into account the impact of the care provided on outcomes.
In this context, an accepted method for assessing outcomes is to consider ambulatory care sensitive conditions (ACSCs). 10 These are a series of conditions for which it should be possible to avoid hospital admission by providing timely and effective ambulatory care, through the following types of interventions: prevention at the primary care level, early diagnosis and treatment of acute diseases, and adequate control and follow-up of chronic diseases. Although based on hospital discharge reports, data on admissions for ACSCs provide us with indirect information regarding primary care, particularly accessibility of this level of care and its ability to resolve health problems. In America, ACSCs have mainly been used to measure access, while in other countries with national health services they have principally been used to assess quality of care. 11 In any case, factors unrelated to primary care also influence hospital admissions, meaning that this instrument needs to be adapted to the context in which it is to be applied. 11 For this reason, in our study we used lists of ACSCs that have been established for Spanish populations 12 and have already been used by other authors. [13] [14] [15] Numerous studies have indicated differences in ACSC admission rates as a function of the demographic, 16 clinical 17 18 and social 15 19 20 characteristics of patients. In addition, the rate has been found to be associated with factors attributable to healthcare systems and organisations. 3 21 However, few studies have analysed its relationship with factors related to GPs and, to the best of our knowledge, none have explored their way of working and clinical practice patterns. In this context, the objective of this study was to explain the variability in the rate of potentially preventable hospitalisations (ie, admissions for ACSCs) based on multilevel characteristics and factors (individual, health professional, health centre and health district) and, in particular, considering indicators of the efficiency of resource use by GPs.
METHODS
This was a cross-sectional study analysing the outcomes of the public primary care network for a 1-year period (2007/2008, Basque Country, Spain).
Setting
The Government of the Basque Country has been responsible for the planning and provision of healthcare services for the population in this region since 1983. Public healthcare provision is delivered by the Basque Health Service (Osakidetza), a public organisation funded through taxes that provides nearly universal care to residents in the region. Care is free at the point of delivery, except for prescriptions, for which there is copayment that varies depending on the type of disease and patient status (with exemptions for those who are retired or disabled, among others).
When this study was conducted, primary care health services in our setting were organised into seven health districts, corresponding to geographical areas. The primary care health districts are economically, financially and administratively independent and are funded by annual contracts with the Health Department of the Government of the Basque Country. Each of these districts has 9-22 health centres.
Primary care health professionals work in care teams. At the individual level, every resident is on the list of a GP, who is a family doctor or paediatrician depending on the patient's age (≥14 years vs younger). These primary care doctors act as gatekeepers to other levels of care. GPs are salaried and their payment is composed of two parts: a larger fixed remuneration and a small one (less than 10% of total) based on the number of patients assigned to their lists of patients; there are no financial incentives to the physicians for the number of visits they provide nor the fulfilment of objectives, such as restraints in prescriptions expenditure or number of referrals.
In our setting, patients are included in the physicians' lists according to administrative criteria. Geographic proximity to the dwelling is the unique factor for assigning the patient to the health centre. Although, on paper, each patient can choose among the doctors of her/his health centre, actually such an option is very limited and infrequently taken. First, there are no publicly available performance metrics of primary care providers that can guide patient preferences. Besides, patients find restrictions when changing their doctor: in order to achieve equitable workloads, health centres establish rules to distribute patients and each GP is assigned a similar number of persons adjusting by age groups. Thus, even though the allocation of patients to doctors is not entirely driven by hazard, it seems very difficult that populations with particular unobserved characteristics were concentred on the lists of some GPs.
Electronic health records, which started to be introduced in 1990, are now used by all primary care doctors.
Study population and period
The observation period was set at 1 year, from 1 September 2007 to 31 August 2008. The study population included all residents ≥14 years of age who were covered by the public healthcare system in the Basque Country on 31 August 2008 and who had been covered for at least 6 months in the previous year, regardless of whether they had used or had any contact with the Basque Health System (Osakidetza) in that period. That is, almost the entire population of the Basque Country was included.
In this study, we analysed data from across the public health service network: 130 health centres and 1193 GPs. The total number of registered inhabitants was 1 959 682, meaning that the GP lists were composed of a mean of 1643 people.
Sources of data
We used the two following sources of data: ▸ Electronic health records of the Basque primary healthcare system, which contain demographic, administrative and clinical data, including diagnoses, prescriptions, ancillary test results and referrals, generated in relation to each patient visit. ▸ The minimum basic data set, which gathers information on all hospital discharges from across the Basque network of public hospitals, including data on patient characteristics, hospitalisation episodes, diagnoses and procedures.
Variables and statistical analysis
At the level of the individual patient, we used demographics (age and sex), morbidity and socioeconomic characteristics as explanatory variables. In order to include a manageable number of diseases, we classified all the patient diagnoses (International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes) made by the GPs during the study year into Aggregated Diagnosis Groups (ADGs). 22 The ADG system assigns ICD-9-CM codes to 1 of 32 categories, as a function of clinical criteria, the expected resource use and type of care required for each health problem. It is part of the Johns Hopkins Adjusted Clinical Group (ACG) case-mix system, which is described elsewhere.
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As a proxy for the socioeconomic status of patients, we used a deprivation index based on census data, created for the MEDEA 24 (Mortalidad en áreas pequeñas Españolas y Desigualdades socio-Económicas y Ambientales-Mortality in small Spanish areas and socio-economic and environmental inequalities) project. Census tracts are the smallest territorial units for which census population data are available in Spain and they are mainly defined by criteria related to population size and geographic and social features. Although the number of residents varies between tracts, the median is 1200. For this study, the deprivation index was categorised into five groups, the fifth corresponding to the areas with the greatest deprivation and the first to the least deprived areas. It is an indicator of the socioeconomic status of people living in a community and it has been shown to be correlated with rates of mortality 25 and morbidity. 26 At the GP level, to estimate their workload, we considered the number of patients on their list. Using this information, the GP lists were divided into four groups (quartiles), those in the highest quartile being large, those in the second and third quartiles medium-sized and those in the lowest quartile small-sized.
We used a similar approach to characterise the primary care health centres. In this case, the variables used were area-level demographic factors ( percentages of people above 65 years of age and of immigrants), 27 size of the centre (number of GPs on the staff ) and level of satisfaction of the centre's staff with their work environment. The last of these variables corresponds to the overall satisfaction score for the health centre, calculated from the results of an internal survey carried out on a regular basis by Osakidetza in all its organisations. 28 Like GPs, the health centres were categorised into quartiles, the level of satisfaction being rated as high for those in the highest quartile, moderate for those in the middle two quartiles and low for those in the lowest quartile.
All the analysis was performed using SAS V.9.2. For the first stage of analysis, we considered the following response variables at the patient level: number of visits to the GP, number of forms for referrals to specialists issued by the GP, and costs to the Department of Health of drugs prescribed to the patient during the year of the study.
We constructed multilevel mixed models 29 to identify which GPs were outliers in terms of resource use. Taking into account the hierarchical nature of the data, we used the explanatory variables as fixed effects and included random intercepts for each of the higher levels: GP, health centre and health district. As a function of the distribution of the response variables, we used different regression models: in the case of prescribing costs, we built a normal regression model (Proc MIXED, RMLE), while for the visits and referrals we used negative binomial regression models (Proc GLIMMIX, LAPLACE). Using an empirical Bayesian approach, 30 these models allowed us to estimate the differences between the performance of each GP and the mean for each of the response variables, after adjusting for the other variables, as well as 95% CIs for the estimators. For visits and referrals, the estimators were exponentiated to obtain the incidence rate ratios. We considered doctors to be outliers (high or low) when their estimators statistically differed from zero (prescribing costs) or one (visits and referrals).
For
with respect to their use of healthcare resources (visits, referrals and prescribing costs) as explanatory variables, following the aforementioned procedure, and the appearance of preventable hospitalisations as the response variable. For this purpose, we identified patients who had had one or more admissions attributable to ACSCs, using the list established in Spain by Caminal et al.
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Using these variables, we constructed a multilevel mixed-effect logistic regression (Proc GLIMMIX, LAPLACE). In this case, we used the aforementioned explanatory variables (including the GP's classifications by resource use) as fixed effects and a random intercept for each of the three higher levels (GP, health centre and health district). The results are expressed as ORs.
RESULTS
During the 12 months of the study, 70.2% of patients made at least one visit to their GP. The annual means per patient were: 4.47 primary care visits, 0.4 referrals and €153.28 in prescribing costs. Figure 1 shows the distribution of GPs into the three levels of resource use. The percentages of GPs with higher and lower than expected resource use per patient were as follows: 228 (19.1%) and 140 (11.7%) for visits; 21.1% and 15.4% for referrals; and 17.9% and 16.3% for prescribing costs, respectively.
A total of 21 051 people were admitted one or more times for an ACSC, corresponding to 1.07% of the total population. ACSC admission rates were associated with demographic characteristics of patients (table 1) , though not linearly. On the basis of the crude rates, admissions appeared to increase with age; however, after adjusting for the variables studied including morbidity, we obtained a J-shaped bimodal distribution, with a peak among the youngest people and a higher peak at the oldest ages. With respect to sex, men were more likely to have preventable hospitalisations. As for the deprivation index, more disadvantaged social groups had higher rates of ACSC admissions, although there were only statistically significant differences comparing the most and least disadvantaged populations. Regarding morbidity, in general, we observed that the risk of admission for ACSCs was associated with the diagnostic groups (ADGs) for acute diseases, major symptoms, recurrent health problems (except allergy), chronic diseases and psychosocial problems. However, this was not the case for chronic disorders that often require specialised care, other than mental health (table 2) .
With respect to the doctor-level variables (table 3) , the risk of ACSC admissions was higher for patients of GPs with a greater than expected mean number of visits and prescribing costs (OR=1.29 (1.21 to 1.37); 1.16 (1.09 to 1.24)) or with a lower than expected mean rate of referrals (OR=1.33 (1.24 to 1.41) ). The number of patients on the GP's list did not reach statistical significance (p=0.0935).
In our analysis, none of the health centre characteristics (size, level of satisfaction of staff, and percentages of elderly individuals and of immigrants in the population) reached statistical significance.
DISCUSSION

Main findings
Our results indicate that various characteristics of patients and GPs are associated with the risk of hospital admission for potentially preventable conditions. At the patient level, the rate of these admissions was significantly higher in two age groups, the youngest and the oldest patients, in males, and in various groups with acute, recurrent or chronic disorders, as well as those with psychosocial problems; on the other hand, the admission rate was lower in people from the most advantaged socioeconomic status. At the doctor level, once we had adjusted for morbidity and the other variables analysed, the risk of admission for ACSCs was higher in people seen by GPs with greater than expected numbers of visits by patients and prescribing costs and with lower rates of referrals than other doctors. Differences in admissions as a function of variables characterising the health centre (number of GPs; satisfaction with the work environment; percentage of elderly individuals and of immigrants in the population) or GP list size were not statistically significant.
Strengths and limitations
The main strength of this study is that we analysed data for an entire healthcare system, providing near universal care for the population of a defined geographical area. Further, it assesses the relationship between preventable diseases and variables at different levels, ranked in accordance with the hierarchical nature of the data, as well as compares the risk of admission of patients seen by doctors with different clinical practice patterns. In addition, we used a robust system for adjusting for patient morbidity, namely the Johns Hopkins ACG case-mix system. However, we should also recognise some limitations. First, the data analysed come from the daily records entered in the health information system of the Basque Country and, as is commonly the case with the use of administrative databases and electronic health records, there may be some incomplete or inaccurate data. Second, the ecological nature of the socioeconomic variable used (deprivation index) might have diluted the effect of individual socioeconomic characteristics; it is also known that social factors other than the ones studied have an effect on the need for healthcare and its outcomes. 31 Similarly, other characteristics of patients (such as health services-seeking preferences, unmeasured health status or treatment adherence) were not observed. Further, this paper is focused on the organisation of public health service provision and planning, and thus private health provision is beyond the scope of our analysis.
With respect to the definition of ACSCs, it should be taken into account that there are factors unrelated to primary care itself that could have an effect on hospital admissions. The use of a list of conditions adapted for our setting (in this case, Spain) has advantages from the point of view of the validity of our results, but it may make it difficult to generalise the findings to other areas. Additionally, in relation to external validity, Spain has primary care health services that are well established and easy to access by the population, 32 with higher rates of visits to doctors and generally lower rates of ACSC admissions than reported for other settings. 33 Hence, it might not be possible to extrapolate our findings to other settings with different characteristics.
Comparison with other studies Our results are partially consistent with previous research. Various different authors have established that ACSC admissions are associated with certain individualbased factors including being male, 14 34 35 being elderly, 16 35 having a low socioeconomic status, 15 19 20 36 being from disadvantaged ethnic or racial groups, 20 37 and having chronic diseases 17 18 38 or mental health problems. 39 40 However, our results differ from those of other authors such as Casalino et al, 41 who found an inverse relationship between the size of primary healthcare teams and ACSC admissions. What is more, associations with factors related to access to primary care health services that have often been described, such as an inverse correlation between ACSC admissions and the patient-to-doctor ratio, 3 21 were also not found in our data. Although some authors have assessed the relationship between ACSC admissions and the number of visits to GPs by patients 3 38 42-44 and even the mean daily number of consultations held by doctors in a geographical area, 15 we are not aware of any studies similar to ours. In particular, we studied the association between potentially preventable admissions and efficiency indicators of GPs based on the ratio between the observed and expected consumption of resources: number of visits by patients, referrals and prescribing costs.
Significance of the study: potential explanations and implications for doctors and managers Although it is not possible to demonstrate causal correlations from an observational study as ours, our analysis suggest that certain clinical practice patterns of primary care doctors have an effect on the outcomes of care. In particular, we have observed that in GPs holding a more than expected number of visits with patients, higher prescribing costs or a lower referrals rate is associated with higher rates of preventable admissions.
In our opinion, physicians' practice styles may play a central role and a plausible hypothesis is that some doctors try to avoid referrals, and due to that their patients need more prescriptions and following visits to GP; conceivably, this sequence might generate some inappropriate accessibility to specialised care for patients.
Other alternative explanations (such as populations with particular unobserved characteristics being concentred on the lists of some GPs or that patients after a hospital discharge due to ACSC seek GPs' attention but elude being referred to specialised care) seem unlikely. Physician training can influence referral decisionmaking, but in the Basque Country most of the GPs have completed the Family Medicine Residency Program and only a very scarce number of doctors are not family physicians. GPs are not allowed to make choices about the specialist to whom they refer their patients nor receive additional compensations for referrals. Even though there are GPs working in rural and urban locations in our setting, the uneven distribution of specialists between geographic areas has not affected our results, since health centre random effects are included in the estimations.
The benefits of primary care on the health of people and populations have been demonstrated and widely recognised. 2 Other authors have described the added value to the care of a generalist approach, especially for patients with complex multimorbidity, this giving rise to the paradox that GPs provide poorer quality healthcare than specialists in the treatment of specific diseases, but Impact of sociodemographic variables on hospital admission for ambulatory care sensitive conditions (ACSCs).
achieve better outcomes in the overall health of people and populations. 45 However, as in other healthcare contexts, doing more is not always better in primary care. On the basis of our results, we can state that GPs performing an excessive number of visits with patients present higher rates of preventable admissions, as is GPs having higher prescribing costs, while those who play the role of strong "gatekeepers" and are more reluctant to "pass the baton" to specialists also achieve poorer results.
Accordingly, indicators that measure the performance of health professionals should be interpreted with caution, unless they are accompanied by other indicators of care outcomes. Otherwise, interventions focused on modifying clinical practice patterns may have undesired consequences. On the other hand, from a health policy perspective, our results can assist the idea that excessive fragmentation between healthcare levels could result in detriments to the population's health. In contrast, the assumption of shared values and objectives by primary and specialised care can aid a seamless, coordinated and person-centred assistance.
Unanswered questions and future research
This study indicates how certain ways of working among primary care doctors are associated with different outcomes in terms of preventable hospitalisation of patients. However, it does not allow us to establish the causes of these differences. Visits to GPs are diverse in nature: they may occur on the initiative of the patient or of the doctor; they have many underlying reasons (eg, for assessing symptoms or diseases, social problems, provision of advice or administrative procedures); and they may vary in terms of duration, structure, procedures performed and the involvement of other primary care health professionals, such as nurses. Several factors increase prescribing costs: excessive prescribing, inappropriate treatments and selection of the most expensive option. Important factors regarding referrals are whether they are appropriate and timely, as well as the type of specialist patients are referred to, and the subsequent level of coordination between the GP and the specialist in the shared management of the patient. In relation to this, there is a need for future studies analysing primary care outcomes that consider other factors related to visits, referrals and prescriptions. Furthermore, our results should be tested in other settings or specific population groups (eg, patients with multimorbidity or with specific diseases). In any case, our findings provide a starting point for discussion and research concerning what should be the limits in terms of the "quantity" of primary care provided to meet the needs of the population.
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